Emerging porcine pestivirus diseases frequently challenge prevention and control strategies in the swine industry. Over the past decade, a few novel pestiviruses have been identified in pigs. This article focuses on the recently emerging atypical porcine pestivirus (APPV) that potentially threatens global swine herd health security. The virus was first identified in 2016, in the United States and thereafter, accumulated evidence shows that it is currently distributed in three continents. The clinical presentation of APPV-infected pigs is characterized by congenital tremor (CT) type A-II in piglets, while adult pigs may become persistent carriers and shedders. Here, a literature review is conducted to summarize the published findings in the virus genomic biology, transmission, epidemiology, pathogenesis, and diagnosis, which would shed light on acceleration of development of anti-APPV strategies.
a sex-linked inherited defect in Landrace pigs (Type A-III) and an inherited recessive genetic defect in Saddleback pigs (Type A-IV), while another type is caused by exposure of specific toxins to the pregnant sows (type A-V). In comparison, CT are commonly caused by infectious agents including mild CSFV strain (Type A-I) and previously unidentified causative agent (Type A-II). The CT type A-II is characterized with its sporadic and occasional occurrence in gilt litters, demyelination of the spinal cord and brain in piglets, and low-moderate mortality of piglets caused by malnutrition. 9, [11] [12] [13] The clinical signs of CT type A-II could be reproduced on the piglets, farrowed by sows infected with inoculum containing the potential agent 40 years ago, 14 which has provided a powerful evidence to support the assumption that an infectious agent may be responsible for the tremor. Until recently, researchers from both the United
States and the Netherlands found that the APPV may be the causative agent of CT type A-II in neonatal piglets during the same period.
Of these, APPV was first identified by next-generation sequencing from the samples in the United States in 2015. 5 Shortly thereafter, it was reported in pigs with CT in the United States, Germany, the Netherlands, Spain, Austria, China, and Brazil (Table 1) .
9,11-13, [15] [16] [17] [18] The emergence of APPV, Bungowannah virus, and Linda virus in the pestivirus genus suggests that there are possibly more "atypical"
pestiviruses circulating in domestic animals and wild animals that remain to be identified ( Figure 1 ). Nevertheless, it has to be clarified here that the proposed term "atypical porcine pestivirus, APPV" is questionable because the "atypical" has already been used to name other new pestiviruses. It is predictable that the genus pestivirus will expand with discovery of new members, and a rational nomenclature would be beneficial to recognize each virus species. Recently, the International Committee on Taxonomy of Viruses (ICTV) has proposed to name the APPV as Pestivirus K, 19 which would clearly differentiate it from the other members within the pestivirus genus.
Thus far, accumulated evidence has shown that the newly discovered APPV has epidemic potential and threatens global swine herd health security. However, information about its molecular biology, pathogenesis, epidemiology, carriage, and transmission is largely unknown.
This dearth of information hampers implementation of intervention and preventive measures. Therefore, it would be worthwhile, at this time, to review these important advancements with limited scientific literature and thereby, provide insights for further research on the APPV.
FIGURE 1
Phylogenetic analyses based on the N pro gene sequences of pestivirus members. The tree was constructed using MEGA7 applying the Maximum Likelihood for 1000 bootstrap replications. The new names of species, pestiviruses A-K recently proposed by ICTV, 19 were presented.
| EPIDEMIOLOGY AND TRANSMISSION
To date, APPV has been detected in the North America, South America, Asia, and Europe (Table 1) . It has been shown that APPV has been circulating in Spain as early as at least 1997, 11 which is currently the earliest time that the APPV isolate can be tracked back to. An early study identified an APPV strain from the samples of piglets with CT and found an APPV prevalence of 6% by quantitative reverse transcriptase PCR (qRT-PCR) in the US pig herds. 5 APPV was then reported to be present in all of the CT-affected piglets from South China, which further indicates the potential relationship between APPV and CT type A-II. 13 Moreover, it has been reported that detection rates of 2.4% to 22% for APPV genomes were found in apparently healthy pigs in the United States and Germany. 5, 16, 20 In a recent similar study with serum samples from apparently healthy pigs, APPV prevalence reached from 2.3% to 17.5% in Europe and from 5% to 11% in China. 21 All of the results demonstrated that APPV was highly prevalent in both apparently healthy pigs and CT-affected pigs, suggesting the virus may have spread worldwide. A most recent finding shows that presence of APPV genome in the serum samples of wild boars in Germany reached 19%, suggesting that the wild boars may be an important APPV reservoir. 22 Therefore, an intensive epidemiological investigation on domestic pigs and wild boars in a wider geographical area is urgently needed in the future. Porcine semen is considered as a vehicle for viral disease transmission. 23 Pestiviruses, such as CSFV and BVDV have been detected in the boar and bull semens. 24, 25 APPV was detected in the preputial fluids and in the semen of 15% boars, which shows that the disease may be transmitted sexually. 9, 12 In the United States and Europe, the semens were collected from the "healthy" boars without a clinical history of CT. However, the APPV infection has been reported in a number of cases in the abovementioned regions ( 
| GENETIC DIVERSITY AND EVOLUTION OF APPV
The APPV strains were found to be significantly distinct from the other pestiviruses in the genomic sequence. Phylogenetic analysis
shows that it has a high similarity of 68% to Rhinolophus affinis pestivirus, as contrasted with the low similarity of 25% to 28% to the well-known pestiviruses including CSFV, BVDV, and BDV. 5 All of the APPV isolates shared a relatively high degree of nucleotide sequence similar to each other than the other pestiviruses. However, the genetic variability of 81% to 87% among the APPV isolates is still remarkably high even within a region. 16, 20 For example, cases of CT type A-II have been monitored in the Netherlands since 2012, and a number of APPV strains were identified in the study. 9 Follow-up phylogenetic analysis shows that there is a large genetic variation of more than 10% nucleotides (nt) difference among the APPV strains, and the strains could be classified into more than three clusters. Other works have been also involved in investigating the genetic diversity of APPV strains within a farm. 16, 20 The results indicate a high degree of genetic diversity between strains among farms in the same country, potentially posing a big challenge against the development of diagnostic tests and vaccines.
Phylogenetic analysis of APPV has been fraught with low availability of a sufficient number of strains during a certain period. 11 Both highmutation rates were comparable with that of CSFV reported previously, 27 suggesting that the APPV may have been evolving within the range of mutation rate as pestiviruses have. In addition, another study utilized the Bayesian analysis to analyze the origin and dissemination of current APPV strains. 13 The analysis demonstrated that APPV strains may originate in Germany, and then spread from Germany to the United States in one way, while transmitting from Germany to the Netherlands and China in another way. Notably, the conclusions about the geographic origin and dissemination of APPV would be more reliable when more virus strains become available in the future.
| PATHOGENESIS AND PATHOLOGY

| Morbidity and mortality
APPV-infected newborn piglets develop clinical disease of CT, which then interferes with the piglets' ability to suckle milk resulting in increased preweaning mortality. It is also shown that the viability of piglets with persistent tremor has been heavily affected. As described from two reports, the losses of 2.5 piglets per sow have occurred on a farm in Austria, 12 and the death of more than 700
pigs after an outbreak of tremors on a farm in the United States. 5 The economic losses in the APPV-affected pig herds remain to be determined, but it was estimated to have a 10% drop in pig reproductive performance. 12 The clinical signs of CT type A-II-affected piglets may change dramatically both in one litter and between 
| Tissue tropism
Currently, tissue tropism of APPV was primarily determined by qRT-PCR. In one study from the 2-day-old piglets, high-APPV RNA loads were found in the tonsil, spleen, and thymus samples, while moderate RNA loads in the sera, nasal/rectal swabs, cerebrospinal fluid, and cerebrum. 11 In another study, the APPV can be detected in nearly all tissues with the highest-RNA levels in the submaxillary lymph nodes, and moderate RNA levels in the peripheral lymphoid organs (spleen, tonsil, and inguinal lymph node), nervous system (brain stem, brain, and cerebellum), and digestive system (duodenum). 13 Both studies
show that a high aboundance of APPV RNA were found in the lymphoid organs, which provides important information about the major sites of APPV replication in pigs and suggests that APPV may have a role in the suppression of the host immune system as well. Additionally, a study of fluorescence in situ hybridization (FISH) found that moderate levels of APPV RNA were detected in the inner granular cell layer of the cerebellum, which provides a direct evidence that the virus could infect the central nervous system. 20 The results may partially explain why the neurological symptoms could be caused by this virus.
| Postmortem lesions
Histologic lesions of CT type A-II-affected pigs were characterized with vacuolization in the cerebellar white matter. 12 Further ultrastructural examination found that not only hypomyelination was present in the spinal cord but also myelin breakdown in the cerebellar white matter of CT type A-II-affected pigs. These alterations differ somewhat from the lesions identified in CSFV-infected piglets and BVDV-infected calves. 29, 30 The immunohistochemical analysis indicated that the numbers of oligodendrocytes in the spinal cord
were not changed, but the oligodendrocyte transcription factor 2 (Olig 2) was found to express increasingly in the CT type A-IIaffected piglets. 12 The results indicate that APPV infection may affect myelin development and result in disruption of the myelin, which sheds light on understanding pathogenesis of the disease.
Further investigation on this direction is essential to understand the exact mechanisms responsible for occurrence of CT in APPV-infected piglets. has no significant similarity to any known proteins in the sequence.
In addition, there is no discernable TRASH motif in the APPV-N pro as found in the other pestivirus N pro proteins, 34 suggesting that the APPV-N pro may have novel functions distinct from the ones of other pestiviruses.
As far as we know, the structural proteins of pestivirus commonly include a capsid protein and three envelope glycoproteins comprising other pestiviruses (373-378 aa). 5 However, a known fusion peptide region is conservatively located in the abovementioned "deletion" region, which may significantly affect the APPV's ability in entry of host cells. 37 Further research is required to determine if the "deletion"
in the N-terminal region of APPV-E2 would alter virus property in receptor utilization or entry of cells.
Other putative NSPs, including p7, NS2-3, NS4A, NS4B, NS5A, and NS5B, are encoded following the E2-coding region. Overall, these
NSPs lack significant similarity to any corresponding proteins of other pestiviruses (12%-74% identity). 5 Among these, a cysteine autoprotease domain could not be identified in the putative APPV-NS2, which is reported to be responsible for cleavage of NS2 from NS3 in the other pestiviruses. 38 Furthermore, it is known that pestivirus NS3 is a chymotrypsin-like serine protease having both cis-and trans-cleavage activities. 39 In the putative APPV-NS3 region, a pestivirus peptidase S31 domain is found at position 1320 to 1530 aa in the APPV polyprotein, with a DEAD-like helicase superfamily domain at position 1543 to 1699 aa. In the putative APPV-NS5B region, an RNA-dependent RNA polymerase (RdRp) domain is also identified at position 3153 to 3466 aa.
| Immunity
It is still a mystery about the immunity against APPV infection. As mentioned before, if the sow farrows a litter of CT type A-II-affected piglets in the first pregnancy, the subsequent litters from the same sow will not display symptoms of the disease. 9 This is an indication that protective immunity has developed against APPV infection in pigs. Other evidence also shows that the interferon α was detected in the sera of APPV-infected piglets, 11 which suggests that host innate immune system could be activated once APPV infection happens in pigs. Interestingly, the presence of high-APPV RNA load in lymphoid organs suggests that the virus may be able to act on the host immune system. 11, 13 Therefore, further studies need to clarify the roles of the innate and adaptive immune response to this virus.
| Persistent infection
Persistent infections (PIs) have been reported for CSFV, BVDV, BDV, and Hobi-like pestivirus. [40] [41] [42] Research has demonstrated that the pestivirus N pro and E rns play critical roles in suppression of type I interferon response, which are involved in establishing virus PI. 42, 43 Now that APPV contains the two proteins, it is plausible that the of pig serum samples in the United States are positive for APPV-E rns antibody. 5 However, another study from Austria found that 35.3% serum samples are positive by APPV-NS3 blocking ELISA. 12 The big difference of results between both assays suggests that it warrants further research to validate the results and even develop more efficient and reliable diagnostic methods.
| CONCLUSIONS
Although it is unknown about how APPV emerges in swine, the pan- 
